A convergent service is defined as a service that exploits the convergence of communication networks and at the same time takes advantage of features of the Web. Nowadays, building up a convergent service is not trivial, because although there are significant approaches that aim to automate the service composition at different levels in the Web and Telecom domains, selecting the most appropriate approach for specific case studies is complex due to the big amount of involved information and the lack of technical considerations. Thus, in this paper, we identify the relevant phases for convergent service composition and explore the existing approaches and their associated technologies for automating each phase. For each technology, the maturity and results are analysed, as well as the elements that must be considered prior to their application in real scenarios. Furthermore, we provide research directions related to the convergent service composition phases.
Introduction
The telecommunication and computer network industries are fac- 2 ing a great shift from atomic services (e.g., voice and email) towards 3 much more dynamic, convergent services, such as unified social net- 4 working and integrated video conferencing. Under this premise, telco 5 and computer network operators need to transform themselves from 6 simple operators into services aggregators carrying the duty of pro- 7 viding services that bring together numerous applications from a va-Q2 8 riety of sources [1] . 9 The term "convergent" has been used widely in telecommunica- 10 tion and computer networks with two meanings: to describe the fu- 11 sion of fixed and mobile services [2] , or as a synonymous of the Next 12 Generation Network (NGN) that is a packet-based network able to 13 transport all type of information and services, like voice, data, and 14 video, integrating traditional telephony networks and Internet [3] . In 15 this paper, we use the term "convergent" as efficient coexistence of 16 services available on the Telecom (e.g., voice and video calls with re-17 verse charging offered by telco operators like Orange and Movistar) 18 and Web (e.g., services of maps and RSS feeds offered by big Internet 19 players like Google and Yahoo) domains to provide more services to 20 the user. 21 Telecom services can be created by using Services Creation Envi-22 ronments (SCE) [4] and Mashup Development Environments (MDE) 23 [5,6] that allow the users (e.g., programmers and administrators of 24 telco and/or computer networks) to combine the functionalities of 25 heterogeneous services using drag-and-drop and wire tools for com-26 posing new services. Such a way of carrying out service composition 27 is valid as long as the number of traditional communication services 28 is low and the reliability of services is high enough ( > 99%) so they 29 do not change continually [7] . 30 In the case of the convergent service composition, that involve 31 atomic services from the Web and Telecom domains, such services 32 may change their interfaces, become available or unavailable, and 33 their number may also grow to unmanageable sizes. Both the dy-34 namic nature of services offered by the Web and the sheer amount 35 of relevant services that may be available on it for a given task hin-36 der greatly the use of approaches offering semi-automated service 37 composition (i.e., composition based on MDEs and SCEs). If time is a 38 crucial factor, semi-automated service composition may become in-39 efficient, which raises the need of approaches able to perform fully-40 automated service composition. tion of communication service composition, coming mainly from Eu- 48 ropean Projects [17, 18] . Considering the evolution of service com- 49 position in the Telecom and Web domains, we raise the first re-50 search question addressed in this paper: Which is the level of automa- 51 tion that has been achieved to date from previous service composition 52 approaches? 53 In addition to the aforementioned automation, it is important to 54 consider that the service composition carried out in the Telecom 55 fundamentally different of the conducted in the Web, which means 56 that some technical issues must be contemplated when combining 57 services from both domains [19, 20] . Moreover, several other charac- 58 teristics pertaining to specific application domains, like user prefer- 59 ences, response time, adaptability, and scalability must be taken into 60 account. This is because the fact that convergent service composi- 61 tion often involves the challenge of merging two areas of knowledge 62 with their respective concepts, technologies, and architectures. For 63 this reason, a systematic way of analysing the strengths and weak- 64 nesses of each existing solution for a particular application domain is 65 needed. In this way, we raise the second research question addressed 66 in this paper: which elements must be considered for applying auto- 67 mated services composition in different specific domains? 68 Convergent service composition is also a complex process that of- 69 ten involves several elaborated steps or phases, from processing the 70 input to selection of services to its execution. As these phases often 71 focus on one or more aspects of the service composition process, it 72 is needed to classify them. In this way, we raise the third research 73 question addressed in this paper: which are the phases for convergent 74 service composition and the approaches useful in each one of them? 75 The above raised research questions indicate that building up a 76 convergent service is not trivial, because although there are signifi- 77 cant approaches that aim to automate the service composition at dif- 78 ferent levels in the Web, telco networks, and computer networks, se-79 lecting the most appropriate approach(es) for specific case studies is 80 complex due to the big amount of involved information and the lack 81 of technical considerations. Thus, in this paper, we identify the rele-82 vant phases for convergent service composition and explore the ex- 83 isting approaches and their associated technologies for automating 84 each phase. For each technology, the maturity and results are anal- 85 ysed, as well as the elements that must be considered prior to their 86 application in real scenarios. Furthermore, we provide research direc-87 tions in the convergent service composition phases. 88 The research conducted to answer the raised questions led to the 89 following contributions: 90 • Identify the relevant phases for convergent service 91 composition. 92 • Explore and analyse the existing approaches and their associ- 93 ated technologies for automating each phase. 94 • Provide research directions in each one of convergent service 95 composition phases. 96 The remainder of this paper is organised as follows. In Section 2, 97 we present the methodology followed to build up this survey. In 98 Section 3, we review foundations about service composition. In 99 Section 4, we introduce the phases for convergent service compo-100 sition. In Sections 5-7, we describe and discuss each phase and its 101 associated approaches. In Section 8, we present research directions. 102 Finally, in Section 9, we provide some conclusions that help to select 103 approaches for convergent service composition. 104 105 To solve the research questions, we follow the next steps [21]: 106 (i) formalize the service composition process by defining different 107 phases, (ii) classify the existing approaches under the umbrella of re-108 quirements and criteria for their application in convergent composi-109 tion; and (iii) define the guidelines for employing diverse approaches 110 and their technologies in convergent service composition. 111 In this paper, we carry out a comparative literature review [22] , 112 aiming to identify the existing approaches in service composition in 113 recent years through the lens of its applicability in convergent com-114 position of services. In order to select the works presenting the ap-115 proaches useful for our study, we introduced search keywords on 116 three electronic databases: ACM, IEEE, and Science Direct. As conver-117 gent composition is a relatively new field, we do not expect to find 118 many publications using the exact keyword. Therefore, we used the 119 following keyword phrases: "convergent service composition", "auto-120 matic service composition", "automated service composition", "Tele-121 com 2.0 service composition", and "mashup composition". We found 122 250 works. Afterwards, we looked through the titles of such works 123 to eliminate those not related to the field; for the rest, we browsed 124 the abstracts to estimate their relevance and whether they have ex-125 perimental results. We selected both recent works from recognized 126 conferences and relevant ones from high impact journals. As a result, 127 65 works were selected for a full-text review. 128 Tables 1 and 2 present, in no order of relevance, the works se-129 lected for reviewing. These works are analysed according to: the 130 phase (i.e., adaptation, creation, execution, and generation), the origin 131 of the proposed (i.e., academy, industry, and from both in alliance), 132 the domain (i.e., Web, Telecom, and convergent-deals with meth-133 ods for convergent composition), the level of automation provided 134 to users (i.e., high, medium, low; when users participate little in the 135 process or needs to know little about technical issues, higher is the 136 automation), the use of semantic in any of the phases above men- 137 tioned, and the result of the work (i.e., prototype, model, product, 138 and standard). Generation, execution Academic Web High Prototype [12] Creation, execution Academic Convergent Medium Prototype [13] Creation, execution Academic Convergent Medium Prototype [14] Creation, execution Academic Convergent Medium Prototype [6] Creation, execution Academic Convergent Medium Prototype [64] Generation Academic Web High Prototype [65] Generation Academic Web High Prototype [66] Generation Academic Web High Prototype [67] Generation Academic Web High Prototype [68] Generation Academic Telecom High Prototype [69] Generation Academic Web High Prototype [70] Generation Academic Web High Prototype [9] Generation Academic Web High Prototype [71] Generation Academic Web High Prototype [72] Creation, generation Academic Web High Prototype [73] Generation Academic Web High Prototype [5] Creation, execution Academic Convergent Medium Prototype [74] Creation, execution Academic Convergent Medium Prototype [75] Creation, execution Academic Convergent Medium Prototype [76] Creation, execution Academic Web Medium Prototype [77] Creation, execution Academic Web Medium Prototype [78] Creation, execution Academic Web Medium Prototype the analysis carried out in this paper are presented in the following 140 chapters. 141 142 In this section, we introduce the concepts of service composition 143 and convergent service composition. Furthermore, we present the 144 differences among the services offered in the domains of Telecom and 145 Web as well as current approaches for describing such services. 146 
Methodology

Foundations on service composition
What is a service?
147
The term "service" is a commonplace in many fields and therefore 148 different definitions can be found in the literature: in the workflow 149 area, the concept of e-service is commonly associated with the com-150 pletion of a task [79]; meanwhile, in the Web, a Web service can be 151 seen as a way to expose the functionality of an information system 152 and make it available through standard Web technologies [80]. More 153 precisely, the World Wide Web Consortium (W3C)-an organisation 154 for developing Web standards-defines a Web service as a software 155 system identified by a URI, whose public interfaces and bindings are 156 defined and described using the eXtensible Markup Language (XML) 157 or the JavaScript Object Notation (JSON). Such a service can be dis-158 covered by other software systems which, in turn, may then interact 159 with the Web service in the manner prescribed by its definition, us-160 ing XML or JSON based messages conveyed by Internet protocols [81] . 161 Usually, in computer science, most authors refer to both "e-services" 162 and "Web services" by simply "services" [82] . 163 On the other hand, the term "service" in the Telecom domain can 164 be understood as the capability to exchange information through a 165 telecommunication medium, provided to a user by a service provider 166 Unlike the services based on SOAP and XML, there is still not a 222 widely accepted standard for describing services based on the ar-223 chitectural style REST that are usually implemented using the Hy-224 perText Transfer Protocol (HTTP) and JSON or XML. Relevant efforts 225 for describing REST-based services are: (i) the Web Applications De-226 scription Language (WADL) [87] that offers a machine process-able 227 protocol description format for services using HTTP and XML, (ii) the 228 WSDL 2.0 [88] that provides a machine-readable description for SOAP 229 and HTTP based services by accepting the binding to all the HTTP-230 request methods (not only GET and POST); and (iii) the HTML for 231 REST (hREST) [89] that offers a XHTML-based microformat for rep-232 resenting and describing Application Program Interfaces (APIs) and 233 services based on REST. 234 The second level of service description is concerned with pre-235 and post-conditions. As aforementioned, description solutions, such 236 as WSDL (1.1 or 2.0), WADL, and hREST, describe a single interaction 237 with a service in terms of request and response messages. However, 238 to assess whether a service can be used by other services, it does 239 not suffice to know the type of data generated or received by a ser-240 vice, but also the change in the world that it produces. Pre-conditions 241 must be true in the input in order to the service to be executed; at 242 the same time, post-conditions are conditions that become true af-243 ter the service is successfully executed. For example, a service called 244 send_message may require as input a well-formed email address and 245 may have the effect (post-condition) of informing someone of some-246 thing, which represents the change in the world. 247 Fig. 2 depicts the service pay that has as input the payment value 248 and the payment data (e.g., card number and customer) as well as an 249 additional pre-condition. Such precondition ensures that the avail-250 able credit is higher than the amount to pay. A post-condition for the 251 service pay may be to change the state of the transaction to payed, 252 for instance. Some languages, such as the Web Ontology Language for 253 Services (OWL-S), the Semantic Annotations for REST (SA-REST), and 254 the micro Web Service Modelling Ontology (microWSMO) [89,90], al-255 low the annotation of services with pre-and post-conditions apart 256 from the inputs and outputs. It is important to highlight that cur-257 rently any of these languages is dominant in the second level of ser-258 vice description. 259 
What are the differences between services available in the Web and 260
Telecom domains? 261 Telecom services are fundamentally different from Web services 262 based on SOA or REST [17]. Next the most remarkable differences are 263 analysed.
264
Standard language for service description. In the Web domain, 265 for services based on SOAP, there is a large consensus on the main 266 standard for service description: WSDL. Unlike, for services based on 267 REST, there is not a widely approach/standard accepted for describ-268 ing them. In the same direction of REST-based services and contrary 269 to SOAP-based services, in spite of some initiatives such as ONEAPI 270 [61] and Twilio [58] for standardising service interfaces, there is no 271 standard language for service description in the Telecom domain. A 272 review of proposals shows that service description languages in Tele-273 com are often protocol specific, not extensible nor reusable [53] . Telecom, there is a broad range of protocols, each one specific for 298 some services (e.g., voice transfer and video) or networks (e.g., Wi-Fi, 299 mobile, and fixed). In spite of the efforts for integrate all the protocols 300 over the Session Initiation Protocol (SIP), that allows phone calls to be 301 made over the Internet [92], current technologies require the imple-302 mentation of diverse protocols in order to be able to be integrated 303 with legacy hardware and software. 304 
What is service composition? 305
In a broad sense, the process of creating a composite service by 306 combining atomic services is known as "service composition". This 307 composition is required when the request of a client cannot be sat-308 isfied by any single service. Due to the differences in standards, ser-309 vice descriptions and formalisation of the involved processes, service 310 composition is subsequently described separately for the Web and 311 Telecom domains.
312
Service composition in the Web domain. According to the previ-313 ously given description, service composition in the Web consists of 314 joining the individual services and defining the control flow and the 315 data flow, similar to workflow approaches. The resulting composition 316 can be viewed from two perspectives: orchestration and choreogra-317 phy. Orchestration describes the executable process that can inter-318 act through messages with both internal and external Web services. 319 MDEs work with a rather limited set of services in comparison 381 with all ones available on the Web, but at least offer some degree 382 of personalisation/customisation to users. Still, service composition 383 made by users has some problematic issues such as the heteroge-384 neous, dynamic, and spontaneous nature of their needs [37] , which 385 current development environments directed towards them cannot 386 address yet.
387
Service composition in the Telecom domain. In Telecom, service 388 composition is known as feature application composition [19] that 389 is as a process inherent to the establishment of any communication. 390 For instance, a basic call service between two subscribers involves 391 multiple features, such as voice mail, call forwarding, and call waiting. 392 All these features are invoked in a sequence even if the user is never 393 aware of the feature composition. 394 Similarly to the individual service description, in the Telecom do-395 main, there is a shortcoming related to the little consensus about 396 standard descriptions for service composition. In recent years, the 397 TelcoML [40] and DiaGen [100] were proposed for coping with such 398 shortcoming. TelcoML has been proposed by the Object Management 399 Group (OMG) [40], offering a UML Profile for designing advanced and 400 integrated telecom services. In turn, DiaGen is a framework based on 401 the implementation of a declarative language over Java that provides 402 service discovery and high-level communication mechanisms. Such a 403 framework also generates the class skeletons of composite services. 404 On the other hand, some standards, such as the IP Multime-405 dia Subsystem (IMS) [ In the user interface of Radisys, the functionalities to be composed 422 graphically in the central canvas are located at the left pane. 423 3.5. What is convergent service composition? 424 The term "convergent" has been used widely in telecom and com-425 puter networks with different meanings: to describe the fusion of 426 fixed and mobile services [2] , or as a synonymous of the NGN that 427 represents the integration of the Internet and the Public Switched 428 Telephone Network (PSTN) [3] . As previously stated, we use the term 429 "convergent" as efficient coexistence of services available on the Tele- com and Web domains to provide innovative and more complex ser-431 vices to the user. 432 The rise of composition of services appears in the midst of a grow-433 ing expectation of traffic volume by telecom operators. This is due 434 to the increasing offer of added-value services to customers in addi-435 tion to traditional voice and data communication [102] . Novel added-436 value services combine features from the Telecom with technologies 437 of the Web; this combination is known as "convergent composition" 438 [23] or "unified composition" [19] . 439 To illustrate what the process of convergent composition is, we 440 present an example in the Early Warning Management domain in 441 which an environmental manager must make decisions regarding 442 the environmental alarms of a region. He/she can request informa-443 tion from sensor networks deployed at several spots and can also 444 dent steps, beginning with the user request and ending with the ex-490 ecution of the composite service. The whole process (see Fig. 8 ) can 491 thus be divided into four phases: creation, generation, adaptation and 492 execution. 493 An important consideration to be noted is that the automation of 494 each phase is independent of the automation of the rest of the other 495 phases. This means that the automation of the whole service compo-496 sition can be described as the sum of the automation of its parts. Next, 497 each phase is described as well as the automation level expected. 498 
Creation phase 499
In this phase, the user (advanced or novice) specifies the user re-500 quest (i.e., r u ) in a natural way in order to be solved by the system (see 501 Fig. 8, phase a) . The user specifies r u through a device or computer 502 that hides any technical (platform or language) detail and allows him 503 to clearly state his necessities with his own words. Such r u needs to 504 be translated to a machine understandable representation (i.e., r m ). 505 An example of the input and output of the creation phase may be: ru: 506 "I want to receive the route to the closest ATM in my cell phone" and rm: 507 get (calMap(myPosition, ATM) ). 508 In the creation phase, the automation is associated with the capa-509 bility of the system to extract r m from r u without the intervention of 510 the user. This type of automation is mainly required when the exper-511 tise of the user is not advanced, so he/she cannot specify the request 512 directly in the machine understandable format. an abstract composite service (i.e., CS a ). CS a represents a set of atomic 517 activities that need to be performed in order to satisfy r u (see Fig. 8 , 518 phase b). This set of atomic services can be described as a business 519 process or an algorithm. In this phase, the abstract service composition (CS a ) is translated 556 to an executable plan, called CS x (see Fig. 8 , phase c). This translation 557 is conducted to enable the execution of convergent services in tech-558 nological platforms. Listing 3 depicts, using the Java Language, the CS x 559 of the above exemplified CS a . 560 The automation of the adaptation phase consists on creating the 561 executable or interpretable code in a programming language like 562 Java/Python or in a declarative language like BPEL/Bite without re-563 quiring the intervention of a developer. 564 565 The execution phase (see Fig. 8, phase d) is responsible for man-566 aging the lifecycle of CS x . Therefore, in this phase, the convergent ser-567 vice is deployed into an execution environment (e.g., a server) to be 568 subsequently executed. The execution phase is inherently automatic: 569 once the user deploys the service, it runs in the execution environ-570 ment without human intervention. 571 The reconfiguration phase is required, for instance, when a 572 malfunction (e.g., server failure) or an error (e.g., a Web ser-573 vice becomes offline) happens during the execution of CS x . The 574 usual procedure for reconfiguring a convergent service consists 575 in notifying the developer/user, who must go to the correspond-576 ing SCE/MDE for re-examining the whole composition process. 577 Complete automation of this phase requires the composite ser-578 vice to be monitored and reconfigured automatically in case of 579 failure [105]. 580 5. Service creation 581 As afore defined, service creation is the process of translating 582 the user request to a language or descriptor understandable by the 583 computer. For instance, the translation may be done from the re-584 quest expressed in natural language to BPEL/Bite language or to ex-585 ecutable code. This phase depends largely on the level of exper-586 tise and the device used by the user. If the user is an expert and 587 uses a desktop personal computer, a graphical interface for creat-588 ing workflows is very suitable. On the contrary, the same interface 589 is not suitable for a non-expert user, or for another user who may 590 be driving when needs to compose a service for satisfying his/her 591 needs. 592 In terms of academic research, a clear separation between pro-593 grammers/developers (a.k.a., professional users) and end-user needs 594 to be done according to the conclusion of European SPICE [31] and 595 OPUCE [27] projects. In this way, in the following subsections, the 596 main approaches for service creation will be exposed considering 597 focus on professional users (i.e., SCE-based approaches) and end-598 users (i.e., approaches using natural language processing-NLP-and 599 mashup-based approaches). Most of them comes from academic 600 initiatives. apart of providing a low latency execution environment for conver-614 gent services also offers a template-based service creation platform. 615 An important shortcoming of HSCEE is that it is based on BPEL tem- 616 plates where most of the design tasks must be done manually, which 617 makes it ill-suited for automatic service composition.
Execution and reconfiguration phases
ARTICLE IN PRESS
618
Another SCE-based approach was proposed in the field of the Ar- 619 tificial Intelligence (AI) [11] . Such approach aims at automating the 620 Web Services composition under semantic awareness by AI planning 621 techniques and a graphical environment in which even non-expert 622 users (i.e., end-users) can create composite services. One of the most 623 striking characteristics of this approach is that the expertise required 624 by non-experts for carrying out composition activities is essentially 625 similar to discover and invoke an atomic Web Service. 626 In the TeamCom project arose other SCE-based approach that de- ing services. Such correspondence is in turn refined by the user until 664 he/she gets the final composition. 665 In the domain of added-value convergent services, a reference 666 architecture was proposed to facilitate the provisioning of telco 667 mashups for end-users [20] . A telco mashup is a composite ser-668 vice that combines functionalities from telecommunication networks 669 (e.g., streaming, quality of service, and billing) and device capabilities 670 (e.g., geographic location and health information) with services (e.g., 671 instant messaging and IP telephony) accessible via Web-based proto-672 cols. In the literature, we did not find a prototype of a mashup system 673 or a telco mashup that implements this reference architecture. 674 In the network management domain, a mashup-based approach 675 was proposed to deal with the security problem of botnets, in an 676 more flexible, extensible, and usable way [74] . This approach was car-677 ried out in a mashup application. The mashup built (called botnet 678 mashup) integrates dynamically botnet information collected from 679 existing mitigation tools, such as sandboxes and antiviruses, with 680 geographic location retrieved from online mapping and geolocation 681 APIs. 682 A mashup system was also introduced to evaluate qualitatively 683 the feasibility of using Web 2.0 technologies on network manage-684 ment [108]. Using the proposed system prototype, a mashup (called 685 BGP mashup) was built in order to monitor the traffic of the Border 686 Gateway Protocol (BGP) among two autonomous systems by integrat-687 ing traffic router information. This integrated information was col-688 lected by using the Simple Network Management Protocol (SNMP) 689 and presented by combining images retrieved from a generator of 690 traffic graphs and maps generated from a mapping service. 691 As a continuation of the two works above cited, a generic archi-692 tecture was proposed to support the composing of network manage-693 ment applications [5]. This architecture was carried out in a MDE that 694 allows network administrators to design their own management ap-695 plications through the composition of network management and ser-696 vices available in the Web. The qualitative evaluation of the proposed 697 architecture was conducted by analysing the development of the BGP 698 mashup and the botnet mashup previously referred. 699 As an evolution on using mashups for network management arose 700 the concept of mashments [13, 14] . Mashments are solutions based 701 on the Situation Management (SM) discipline and the mashup tech-702 nology that aim to facilitate the work of network administrators 703 when facing unexpected, heterogeneous, and dynamic situations. To 704 achieve such aim, mashments combine diverse types of resources 705 (data, application logic, and user interfaces) from multiple providers 706 (from the Web and the network management) and automate the in-707 vestigative and control aspects of SM. 708 An important shortcoming of the mashup-based approaches 709 above cited is that the selection of atomic services used for creating 710 mashups is performed manually by using mainly searches based on 711 keywords. In this sense and with the goal of overcoming such short-712 coming, in the literature of service composition arose diverse and rel-713 evant semantic mashup approaches. For instance, SensorMashup is a 714 semantic-based platform aimed to facilitate the creation of mashups 715 by following the linked open data principle [76] that enables the 716 dynamic discovery, integration, and querying of heterogeneous data 717 sources. This platform provides a visual composer that allows end-718 users to easily publish sensors as data sources identified by URIs and 719 to rapidly combine/link such sensors for building up mashups. 720 In service composition, other groundbreaking approach was pro-721 posed for improving the process of developing mashups by adding se-722 mantic service discovery capabilities [77] . In a general way, these ca-723 pabilities were added by combining semantic Web Services discovery 724 frameworks, Universal Description Discovery and Integration (UDDI) 725 repositories, and existing mashup tools. 726 In the Cloud Computing domain, a semantic-based approach was 727 proposed to make the engineering process of creating mashups more 728 agile and flexible [78] . After surveying the previous approaches, it can be stated that the 772 works in the service creation phase can be classified in three groups: 773 SCE-based, mashup-based, and NLP-based. Each one of them has dif-774 ferent particular elements that make them suitable for distinct en-775 vironments. Table 3 summarizes the differences between the three 776 approaches. usually they must be installed in a desktop personal computer, which 784 greatly restricts the mobility of the user. 785 SCE allows to create convergent services with a remarkable level 786 of detail, these interfaces allow to customize different aspects of the 787 services and the subjacent protocols. Unlike Web services, the pro-788 tocol in telecom environments is very important for the provision of 789 the service and may directly benefit the quality of services. Therefore 790 SCE might be a very good alternative for technical and experts when 791 defining the template of convergent services that could be used later 792 in further phases of automated composition. 793 Mashup-based approaches, in turn, offer more alternatives by en-794 abling service creation from Web graphical interfaces that do not 795 need to be installed in any desktop personal computer. Additionally, 796 the usability as well as the range of audience for these interfaces is 797 bigger than for SCEs. The main disadvantage over SCEs is the loss of 798 expressive power when creating complex compositions, which may 799 be too simple for the needs of some users. 800 Some approaches create Mashups automatically from natural lan-801 guage request and allow to refine some details at a later time. On the 802 other hand, Mashups are generally open an may be shared and reused 803 which may lead to a collaborative creation of convergent services. 804 The approaches based on SCE and mashups allow creating com-805 posite services that may be defined using different languages, such 806 as BPEL, Bite, LPML, and BPEL for REST. In these approaches, the core 807 of the service composition task is completely carried out in a man-808 ual way. In this way, the novelty of the application of NLP-based ap-809 proaches is that, in some scenarios, the user just requests his/her de-810 sire or goal in natural language and does not define the workflow of 811 the composite service. This workflow is obtained automatically from 812 the user request by the NLP system. Furthermore, by using voice as 813 the primary input medium, a NLP system may be used with any kind 814 of calling device. 815 Existing research results have shown that creation phase have 816 been automated significantly when natural language is used. How-817 ever, several important issues are open: 818 i) To map user request and context to a service is a big chal-819 lenge, especially when the service does not have a standard inter-820 face description like in telecommunications domain, many semantic 821 approaches translate requests to formal representations using natu-822 ral language processing techniques and ontologies. These approaches 823 have good performance in specific domains [109] . The main idea are 824 extract concepts from the user request and match them with service 825 concepts [110]. 826 ii) There exist some differences between finding services on Tele-827 com and on the Web. The main challenge of finding a service in tele-828 com environment is the lack of standard descriptions for the func-829 tional properties of services. Some approaches for automated cre-830 ation uses traditional Web representations for Telecom environments 831 such as WSDL, however the trend of moving telecom facilities to the 832 Web such as Skype or Twillio allow to glimpse the use of semantic 833 representations of Services. 834 6. Service generation 835 As above described, the service generation is related to the cre-836 ation/composition of a chain or a linked set of services that can be 837 represented as a business process encoded, for instance, in BPEL or 838 . 869 A concept that uses templates is the Hierarchical Task Networks 870 (HTN) [64] . HTN planning is especially promising for service compo-871 sition because its concept of task decomposition is very similar to the 872 concept of composite process decomposition. In HTN planning, a task 873 represents the activities to perform. A task may be either primitive or 874 compound (which in our case represents an individual and composite 875 service respectively). A compound task is one that needs to be decom-876 posed into smaller tasks using a method. Methods indicate how to 877 decompose a compound task into a partially ordered set of subtasks, 878 each of which can be again compound or primitive. The lowest level 879 task that cannot be decomposed further is called a planning operator. 880 In service composition the highest level task or goal is extracted from 881 the user request and the lowest level planning operator represents a 882 primitive service directly associated with implementation services. 883 The dynamic composition proposes the generation of the ser-884 vice abstract model automatically. In this way, individual services 885 are selected in an automatic way (see Fig. 11 ). Some relevant ap-886 proaches on dynamic composition are, first, a rule-based solution for 887 semi-automated composition that offers the user the ability to guide 888 the composition process [71] . In this solution, the user defines the 889 flow and the rules that allow automatically building the composition.
890 Fig. 11 . Dynamic workflow-based composition.
Second, a mechanism that works by synthesising its workflow based 891 on the semantics of the components and the context of users [72] . 892 This mechanism composes applications requested in natural lan-893 guage considering in addition to the context the preferences of the 894 user. These preferences are extracted from user-specified rules and 895 also via learning. 896 Important shortcomings of the workflow-based composition are 897 that it usually requires extensive domain knowledge and at least 898 some degree of manual implementation by developers, making it dif-899 ficult, time consuming, and error-prone [111] . In order to overcome 900 such shortcomings arose the service composition based on AI. 901 6.2. AI-based generation 902 One important group of approaches is focused on semantics. Se-903 mantic composition has been used widely for services composition. 904 The main idea is to add semantic information to methods and I/O pa-905 rameters in order to judge the matching degree between services by 906 calculating semantic similarity of concepts in ontology tree [114] . Fur-907 thermore, some authors extract concepts from user goal description 908 and matched them with ontology concepts so as to guide the ser-909 vices composition [115] . For example, Slaimi et al. [116] present an 910 approach called OVWSC (Ontology based Web Service Composition) 911 that includes two phases: first the domain service ontology is filtered 912 for reducing the services research's space. Second, an abstract work-913 flow representing the composite service is generated. 914 In spite of the high precision that might be achieved with se-915 mantic techniques for services composition, some limitations exist: 916 i) this process is time-consuming due to the inference required dur-917 ing search. ii) The lack of unified ontologies in different domains pre-918 vents its spread. ii) It requires users to have enough domain knowl-919 edge to perform semantic annotation and searching, which is not 920 feasible in real application [117] . For improving performances of se-921 mantic search, some approaches present structures such as quick Ex-922 tended Quick Service Query List (EQSQL) [117] ; these structures asso-923 ciate service and request concepts at design time in order to decrease 924 the search time. In [118] the author presents a platform for context-925 aware service composition based on user-defined rules. The platform 926 interprets ontology descriptions of services and creates user-defined 927 rules based on the ontology description of services. Zhang [10, 121] . Fig. 12 depicts the general automated service composi-951 tion in which the process model (i.e., service model) is created auto-952 matically. 953 Automated planning can be defined as the task of coming up au-954 tomatically with a sequence of actions that achieve a goal [123] . In 955 planning there are three types of elements: states, goals, and actions. 956 Given an initial state, the goals and the set of possible actions, a plan- 957 ning system must find a sequence of actions (called plan) that leads 958 to some state in which the goals are true. 959 An action in automated planning is specified in terms of precon-960 ditions and effects. The preconditions are the facts that must hold 961 true before the action can be executed, while the effects depict how 962 the state changes when the action is executed. In this way, a service 963 can be seen as an action and the composite service as a plan [73] . 964 This kind of composition is automatic and does not require knowl-965 edge about some predefined workflow. 966 Several approaches have emerged from AI strengthened by the 967 fact that OWL-S [90], the language of choice for the semantic descrip-968 tion of Web services based on SOAP maintains a similar structure to 969 the description languages used in automated planning [10] . In this 970 sense, for instance, an adaptation and extension of Golog was pro-971 posed to allow automated construction of composite services [66] . 972 Similarly, an approach that combines HTN and automated planning 973 was introduced for generating service composition [69] . This ap-974 proach allows the implementation of preferences during service com-975 position. 976 Other relevant AI-based approaches are, first, a proposal that in-977 cludes a semantic description of the composition process and of the 978 discovery of the atomic services [11] . Second, a framework for com-979 position based on automated planning that uses an algorithm for ser-980 vice discovery for consider QoS requirements as well as transactional 981 constraints during the service generation process [65] . To finish this comparison, it is also important to highlight that 1005 for service generation, approaches based on AI and workflow can 1006 be combined (i.e., these approaches can be complementary). For in-1007 stance, a framework was introduced for intelligently navigating ser-1008 vice composition [70] . This framework consists of two primary pro-1009 cessing modules: the Planning Module and the Constraint Satisfac-1010 tion Problems (CSP) Solving Module. Taking advantage of the func-1011 tional attributes of the services, the Planning Module aims to pro-1012 duce referred composite plans that function as general patterns. The 1013 CSP Solving Module focuses on selecting qualified services to imple-1014 ment the composite plans, based on their non-functional attributes 1015 evaluation. 1016 1017 In this section, at starting, we present approaches about the ser-1018 vice adaptation phase. Later, we present research addressing the ser-1019 vice execution and reconfiguration phases. The adaptation phase translates the composite service into an exe-1022 cutable component runnable on a Telecom application. In this sense, 1023 the automation of the adaptation phase consists of translating the 1024 composite service into an executable component without human in-1025 tervention. 1026 The most remarkable approach for automated service adaptation 1027 is presented within the scope of the TeamCom project [49, 50, 52] (see 1028 Fig. 13 ), which deals with cases in which the developer describes the 1029 business process using BPEL but the resulting BPEL process is not nec-1030 essarily executable on a BPEL-engine. The TeamCom platform trans-1031 lates the resulting BPEL process in XML; next, these files are in turn 1032 transformed into Java code that is deployable on a JAIN Service Logic 1033 Execution Environment (JSLEE) server [53] . 1034 
Service adaptation and execution
Industrial approaches for service execution 1035
Regarding composition of services in the Web, the predominant 1036 vision for representing composite services is BPEL and its extensions 1037 like BPEL for REST (see Fig. 14) . Notwithstanding such predominance 1038 for representing business process, BPEL/BPEL4REST have not been de-1039 veloped for control of specific communication services [50], particu-1040 larly in real time like usually Telecom services require. Consequently, 1041 BPEL and its associated execution servers are not appropriate in the 1042 sense that they cannot provide the availability requirements neces-1043 sary for convergent service execution [48] . In this way, we consider 1044 that the best option for executing convergent services must be found 1045 The only requirement is that these devices must support IP and SIP. 1065 Most of the protocols of mobile Telecom networks (e.g., the general
The other type of Java application servers that can be used in the 1105 Services layer of IMS is based on the SIPServlet specification [63] . 1106 SIPServlet contains and manages SIP applications and provides ac-1107 cess to SIP mechanisms via a Java API. The SIPServlet API defines a 1108 component called Application Router (AR) which is responsible for 1109 the selection and composition of services. In this sense, the Ericsson 1110 composition platform [59] is a SOA-based solution that allows the 1111 composition of convergent applications using services from Web, en-1112 terprise and Telecom domains, for both circuit-switched and IP-based 1113 services. This solution selects the services to be used and informs 1114 IMS about the SIP service to be executed. Other approaches [133, 134] 1115 have explored the integration of SIP-based servers (e.g., Sailfin) with 1116 Java Enterprise Edition Servers (e.g., GlassFish) to conduct IMS service 1117 composition. 1118 Parlay X [101] is an important alternative to provide convergent 1119 services in NGN-based networks, permitting the use of Web services 1120 in the Telecom domain. Parlay X [60, 135] is an standard that com-1121 prises a set of services (from the Web and Telecom domains) offered 1122 like APIs that facilitate the composition of more complex functionali-1123 ties to be provided in Telecom networks. An example of a commercial 1124 server supporting Parlay X is the Unified Service Platform ZXUP10 of 1125 ZTE Inc [136] . 1126 OneAPI [61] appears as an evolution of Parlay X. OneAPI is also a 1127 set of supported APIs that exposes network capabilities, such as mes-1128 saging, payments, and location, on the Internet. Using such guide-1129 lines any mobile operator or service provider may implement or use 1130 OneAPI. As an example, any messaging service could be used by any 1131 other application for sending SMS messages. Regarding the ONEAPI 1132 is also important to note that it already provides simple interfaces for 1133 different Telecom and Web protocols, HTTP among them. Supporting To select a technology for Execution of convergent services, differ-1176 ent criteria must be considered. Previous works have focused on the 1177 comparison of these technologies [91] and most of them agree that 1178 the best selection depends exclusively on of the needs of the user. As 1179 aforementioned, IMS is an architectural framework that defines a se-1180 ries of guidelines for future implementation of convergent scenarios. 1181 In the Service layer of IMS both SIPServlets and JSLEE are applicable. 1182 Thus, our analysis will focus on these two technologies. 1183 JSLEE and SIPServlets are both standards regarding the execution 1184 of convergent applications. Both standards define a container-based 1185 model for applications, which describes how applications may be 1186 built and deployed in their respective containers and how services 1187 and features can be supplied by the containers. JSLEE is a more com-1188 plex specification than SIPServlets. JSLEE includes mechanisms for 1189 fault tolerance and high availability, whereas SIPServlets does not. Es-1190 sentially SIPServlets remain only as a programming model whereas 1191 JSLEE aims to be a robust application environment. 1192 In this paper, we are interested in providing guidelines about the 1193 convergent service composition. Such labour establishes a set of ba-1194 sic requirements that are the basis of our comparison (see Table 4 ) 1195 in the execution phase: support for different protocols, support for 1196 reconfiguration, and model for representing the composition. 1197 Support for different protocols. Whereas SIPServlet provides sup-1198 port for SIP and HTTP, JSLEE is protocol agnostic; that is to say that 1199 JSLEE can be extended to support additional protocols (adding RAs) 1200 and external resources with a consistent event model, regardless of 1201 protocol/resource. As convergent services are formed by atomic ser-1202 vices (using a lot of different protocols) available in the Telecom and 1203 Web domains, IMS application servers must support many protocols 1204 and APIs (not just SIP). 1205 Support for reconfiguration. Consumers of convergent services 1206 will expect high quality of service, so an execution environment must 1207 be a carrier-grade platform that addresses corresponding require-1208 ments of continuous availability and performance. To provide an ac-1209 ceptable degree of availability a mechanism for monitoring and re-1210 configuration is mandatory due to the inherent changing nature of 1211 services available in the Web domain. 1212 About reconfiguration is important to highlight: (i) SIPServlet 1213 has no standard management mechanisms defined until now, JSLEE 1214 counts with standard management interfaces based on the Java for 1215 Management Extension (JMX) independent of the subjacent man-1216 agement protocol. The main supported functions are life cycles, up-1217 grades, profiles, and tracing, (ii) regarding the utilities for applications 1218 that can be useful for monitoring and reconfiguration. SIPServlet has 1219 the timer function, while JSLEE has: timer, trace, alarm, and statistics 1220 among others, (iii) JSLEE has a container-managed state and wide 1221 support for transactions, while SIPServlet has no such functionality, 1222 (iv) SIPServlet cannot define a failure model while JSLEE provides a 1223 robust failure model via transactions; and (v) while SIPServlets are 1224 stateless and the shared state may be stored in a separate session ob-1225 ject as a name-value (String, Object) visible within the session, the 1226 SBBs may be stateful or stateless. SBB state is private, type safe, trans-1227 acted and a property of the SBB itself (i.e. an SBB is an object); the 1228 shared state may be stored in a separate context via a type safe in-1229 terface and the access to the shared state may be specified at deploy 1230 time.
1231 Table 4 Comparison of approaches for convergent service execution. 
